We present Spitzer IRAC 3.6 − 8 µm and MIPS 24 µm point-source catalogs for M 31 and 15 other mostly large, star forming galaxies at distances ∼ 3.5 − 14 Mpc including M 51, M 83, M 101 and NGC 6946. These catalogs contain ∼ 1 million sources including ∼ 859, 000 in M 31 and ∼ 116, 000 in the other galaxies. They were created following the procedures described in Khan et al. (2015b) through a combination of point spread function (PSF) fitting and aperture photometry. These data products constitute a resource to improve our understanding of the IR-bright (3.6−24 µm) pointsource populations in crowded extragalactic stellar fields and to plan observations with the James Webb Space Telescope.
Introduction
The Infrared Array Camera (IRAC, Fazio et al. 2004 ) and the Multiband Imaging Photometer (MIPS, Rieke et al. 2004 ) instruments aboard the Spitzer Space Telescope (Spitzer, Werner et al. 2004) have collected a vast archive of mid-infrared (mid-IR) imaging data. This resource makes it feasible to identify and characterize mid-IR luminous stars in the crowded and dusty disks of large star forming galaxies despite difficulties due to IR emission from interstellar dust, blending and background contamination. In Khan et al. (2010) we published the first ever mid-IR point-source catalogs for galaxies significantly beyond the Local Group ( 1.9 Mpc). In Khan et al. (2015b) we used archival IRAC and MIPS images of seven galaxies at ∼ 1 − 4 Mpc to catalog ∼ 300, 000 stars, that were used to identify an emerging class of high mass (> 25M ⊙ ) post-main-sequence stars (Khan et al. 2015a ). Here we present photometric inventories of the mid-IR point sources in the IRAC 3.6 µm, 4.5 µm, 5.8 µm and 8 µm as well as MIPS 24 µm images of the Andromeda galaxy (M 31) and 15 other nearby ( 14 Mpc) galaxies beyond the Local Group. Our key motivation here is to facilitate targeted follow-up of individual objects and observation planning of IR-bright extragalactic stellar populations in the upcoming era of the James Webb Space Telescope (JWST, Gardner et al. 2006 ) and the Wide-Field InfrarRed Survey Telescope (WFIRST, Spergel et al. 2015) .
As the nearest major spiral galaxy to the Milky Way, the Andromeda galaxy (M 31) have been extensively observed over the years from both ground and space based observatories (e.g., Baade 1944; de Vaucouleurs 1958; Massey et al. 2006; Johnson et al. 2012) . The Panchromatic Hubble Andromeda Treasury (Dalcanton et al. 2012 ) mapped roughly a third of M 31's star forming disk, using 6 filters covering from the ultraviolet through the near-infrared (near-IR) to produce the most detailed picture of resolved extragalactic stellar populations in a galaxy. However, public availability of mid-IR stellar catalogs of this galaxy is very limited. Mould et al. (2008) performed mid-IR photometry of point sources on Spitzer IRAC and MIPS images of M 31. However, while their paper shows mid-IR color magnitude diagrams containing seemingly many hundred thousand sources, they published only a small fraction (∼ 500 − 900 sources at various bands) of the catalog, consisting of the brightest sources in the field. In this paper, we present an extensive mid-IR point-source catalog of M 31 consisting of ∼ 859, 000 sources, covering the entirety of M 31's disk including the accompanying M 32 and M 110 galaxies.
When selecting the other 15 galaxies, we concentrated on those with higher recent star formation rate (SFR), as these would have large numbers of short lived, massive, evolved mid-IR bright stars, and we cataloged ∼ 116, 000 stars in these galaxies. These catalogs include the highly star-forming galaxies M 83, NGC 6946, M 101 and M 51 (M 51a and M 51b) which enabled the first-ever identification of extragalactic candidate analogs of the Galactic stellar behemoth η Carinae (Khan et al. 2015c) . We selected these 15 galaxies to span a range of distances and SFRs (∼ 3.5 − 14 Mpc and 0.1− ∼ 1M ⊙ /year, see Table 1 ), and currently there are no public mid-IR stellar catalogs for 13 of these galaxies. Williams et al. (2015) published a mid-IR bright source catalog of M 83 including Spitzer 3.6 and 4.5 µm band measurements for < 4, 000 objects, while the M 83 catalog presented here contains Spitzer 3.6, 4.5, 5.8, 8 and 24 µm band measurements for ∼ 23, 000 sources. Likewise, Khan et al. (2010) reported two Spitzer band measurements of < 6, 000 objects in NGC 6946 whereas the catalog for this galaxy presented here contains five Spitzer band measurements for ∼ 16, 000 sources.
For M 31, we used the IRAC 3.6 µm, 4.5 µm, 5.8 µm and 8 µm mosaics produced by Mould et al. (2008) and the MIPS 24 µm mosaic produced by Gordon et al. (2006) . For the other galaxies, we used the IRAC and MIPS mosaics produced by the Spitzer Infrared Nearby Galaxies Survey (SINGS, Kennicutt et al. 2003 ) and the Local Volume Legacy Survey (LVL, Dale et al. 2009 ). We utilize the full mosaics available for each galaxy. The M 31 mosaics (covering ∼ 4.2 square degrees) are constructed from many individual exposures whereas each of the more distant galaxy images from the LVL and SINGS archives are usually combinations of two slightly offset images. We do not take advantage of the uncertainty maps and assume mean noise properties, since in our experience the dominant source of flux uncertainty in this context are related to crowding, which varies significantly across face of the target galaxies. In what follows, we summarize our methodology (Section 2, see Khan et al. (2015b) for details), and discuss properties of the catalogs and color-magnitude distributions (Section 3).
Photometry
We obtained the photometric measurements at various wavelengths and combined them to construct the point-source catalogs following the procedures established in Khan et al. (2015b) . We implement a strict detection criteria by requiring > 3σ detection of all cataloged sources at 3.6 µm and 4.5 µm. We then complement those measurements at the 5.8 µm, 8.0 µm and 24 µm bands through a combination of point spread function (PSF) fitting photometry and aperture photometry. For all objects that do not have a > 3 σ detection at these three longer wavelengths, we estimate their 3σ flux upper limits in those bands.
First we select all sources detected through PSF fitting photometry at > 3σ in both the 3.6 µm and 4.5 µm images within a 1 pixel matching radius as point sources. Next, we search for > 3σ detections of these point sources in the 5.8 µm and 8.0 µm images within the same matching radius. If no counterpart is found, we attempt to measure the flux at the location of the 3.6/4.5µm point source through PSF fitting, and failing that, through aperture photometry. For the MIPS 24 µm images, we only use aperture photometry due to the much lower resolution and larger PSF size compared to the IRAC images 4, 5, 6 . Finally, for all objects that do not have a > 3 σ detection at 5.8 µm, 8.0 µm and 24 µm, we estimate the 3σ flux upper limits. The fluxes and upper limits are transformed to Vega-calibrated magnitudes using the flux zero-points and aperture corrections provided in the Spitzer Data Analysis Cookbook 7 .
We used the DAOPHOT/ALLSTAR PSF-fitting and photometry package (Stetson 1992) to construct the PSFs, to identify the > 3σ sources and to measure their flux at all 4 IRAC bands. We used the IRAF 8 ApPhot/Phot tool for performing aperture photometry for all IRAC bands and the MIPS 24 µm band. For the four IRAC bands, we use an extraction aperture of 2. ′′ 4, a local background annulus of 2. ′′ 4 − 7. ′′ 2 and aperture corrections of 1.213, 1.234, 1.379, and 1.584 respectively. For the MIPS 24 µm band, we use an extraction aperture of 3. ′′ 5, a local background annulus of 6. ′′ − 8. ′′ and an aperture correction of 2.78. We estimate the local background using a 2σ outlier rejection procedure in order to exclude sources located in the local sky annulus and correct for the excluded pixels assuming a Gaussian background distribution. We determine the 3σ flux upper limit for each aperture location using the local background estimate.
We present the results of our mid-IR photometric survey following the same format as the catalogs published in Khan et al. (2015b) . Tables 2 − 17 list the coordinates (J2000.0; RA and Dec) of the point sources followed by their Vega calibrated apparent magnitudes (m λ ), the associated 1 σ uncertainties (σ λ ) and (for the 3.6 − 8.0 µm bands) the differences between the PSF and aperture photometry magnitudes (δ λ ). For the 5.8 µm, 8.0 µm and 24 µm bands, σ λ = 99.99 implies that the associated photometric measurement is a 3 σ flux upper limit, and m λ = 99.99 (as well as σ λ = 99.99) indicates that no reliable photometric measurement could be obtained for that location. For the IRAC bands, δ λ = 99.99 implies that one or both of the associated photometric measurements did not yield a > 3σ flux measurement.
Large mismatches between the two (PSF-fitting and aperture) measurements, specially when |δ λ | >> σ λ , are a good indicator of when crowding is significantly effecting the photometry and can be useful as an alternative estimate of photometric uncertainty. While PSF-fitting photometry may be generally preferable for crowded field photometry where possible, the δ λ values would let one revert to using the aperture photometry measurements instead. Large δ λ values associated with seemingly bright sources are also indicative of contamination due to saturated foreground objects being resolved into multiple bright sources by the PSF-fitting point source detection procedure (foreground giants would have m 7, e.g., McQuinn et al. 2007 ). This is a major source of false positives, specially for M 31, as its large field of view contains numerous foreground objects. Indeed, our attempt to identify evolved dust-obscured very high-mass stars (M ZAM S 25M ⊙ ) in M 31 following the selection criteria described in Khan et al. (2013) picked up many such spurious sources due to their apparently peculiar spectral energy distributions (SEDs). Khan et al. (2015b) , and it contains a larger fraction of blue sources than the 15 galaxies beyond the local group cataloged here. As these galaxies are between factors of ∼ 4.5 (NGC 3077 at 3.7 Mpc) and ∼ 18 (NGC 3184 at 14.4 Mpc) farther away than M 31 (at 0.78 Mpc), in M 31 we identify intrinsically fainter and lower mass stars with relatively bluer colors. These include O-and C-rich Asymptotic Giant Branch (AGB) stars (e.g., Bolatto et al. 2007 ) and possibly some Red Giant Branch (RGB) stars (m 4.5 18 in M 31, e.g., Blum et al. 2006; Boyer et al. 2015) as well as the more evolved and more luminous (massive) stars with warm circumstellar dust which have redder mid-IR colors (M 31 is known to have some young massive stars, e.g., Lewis et al. 2015; Massey et al. 2016 ).
Discussion
All normal stars have the same mid-IR color in the first two IRAC bands, because of the Rayleigh-Jeans tails of their spectra, and we see this as a sequence of foreground dwarfs with m 3.6 − m 4.5 ≃ 0 on the M 31 CMD, as well as a "plume" of bright and red extreme Asymptotic Giant Branch (ex-AGB) stars (Thompson et al. 2009; Khan et al. 2010; Boyer et al. 2015) at m 4.5 ≃ 13 − 16. This feature is not as prominent on the M 31 CMD when compared to the tight stream of ex-AGB stars visible on the CMD of M 33, which has significantly higher ( 10×) specific star formation rate (e.g., see Lewis et al. 2015 , for a detailed discussion of M 31's recent star formation history) and thus a larger number of younger massive stars per unit stellar mass, although it is still a prominent feature when compared to CMDs of even lower mass/SFR galaxies such as NGC 6822 (see Fig. 4 of Khan et al. 2015b for M 33 and NGC 6822 mid-IR CMDs).
However, quasars also have this color (e.g., Stern et al. 2005) , as do star forming galaxies with strong PAH emission at 8.0µm (e.g., the SED models in Assef et al. 2010) , and the ex-AGB stars are far less noticeable amid background contaminants on the more distant galaxy CMDs. Although these galaxies have smaller effective survey areas and do not have more background contamination per unit area than M 31, their greater distance modulus (µ) means that stars in those galaxies have larger apparent magnitudes. As a result, the evolved stellar populations in those galaxies are effectively buried among background sources on the CMDs. For example, the tip of the AGB branch that is at m 4.5 ≃ 13 on the M 31 CMD (µ ≃ 24.5, Figure 2 ) would be at at m 4.5 ≃ 17 on the M 83 CMD (µ ≃ 28.3, Figure 2 ). Given the rarity of ex-AGB stars (e.g., Thompson et al. 2009; Khan et al. 2010; Boyer et al. 2015) it is very likely that most of the very red (m 3.6 − m 4.5 1) sources we identify are background contaminants. However, verifying the nature of individual sources would require mid-IR variability study and/or construction of extended multi-wavelength SEDs on a case-by-case basis (e.g., Khan et al. 2013) . Indeed, only a rare few cataloged mid-IR sources in these distant galaxies would be relevant in the context of studying properties of individual stars -but that is what makes them very interesting to analyze (e.g., Khan et al. 2015c) . Figure 3 shows the apparent magnitude histograms of all sources in the catalog of M 31 (clear region) as well as in the other galaxies (shaded region). For a qualitative comparison, we also show the magnitude histogram for all sources in a 6 deg 2 region of the NOAO Bootes Field produced from the Spitzer Deep Wide Field Survey (SDWFS, Ashby et al. 2009 ) data (dotted line). The SDWFS catalog can be largely considered "empty" as in most sources being background galaxies and quasars, with only a small fraction being foreground stars (e.g., see Koz lowski 2016). Figures 3 shows that our catalogs are 1 mag deeper than the SDWFS catalog. It is worth noting that our catalogs simply inventory all the sources present on the image mosaics and we do not attempt to distinguish between sources physically associated with the galaxies and unrelated foreground and background contaminants. We cannot claim completeness at any magnitude limit, rather can only infer that the observed luminosity function turns over at a certain magnitude while the intrinsic one continues rising as the catalogs become increasingly incomplete for fainter sources. Overall, Figure 3 qualitatively implies that our source lists become significantly incomplete at m 3.6 18, m 4.5 18, m 5.8 17 and m 8.0 16.
As we emphasized in Khan et al. (2015b) , point-source catalogs of the inherently crowded galaxy fields that we are surveying are bound to be crowding (confusion) limited, not just magnitude limited. While Figure 3 empirically demonstrates that our source detection peaks at a certain magnitude and then falls off rapidly, it is likely that incompleteness is affecting even the bright-star counts in crowded regions, increasing towards and through the peak. The depth and completeness of the catalogs vary across each galaxy between, e.g., the centers of galaxies compared to their outer regions or in dusty star clusters compared to more sparsely populated regions as a function of crowding, and they can only be characterized locally for small regions. Performing a conventional efficiency determination test through addition of randomly distributed artificial objects in the images therefore would lead us to either overestimate or underestimate the efficiency. For such a study to be truly useful, it would require a proper "star-star correlation function" to be employed for spatial distribution of artificial stars. Also, while we execute the point source detection procedures in individual bands, a source is included in the catalog only if it is independently identified as a point-source in both the 3.6 and 4.5µm bands at least at a 3σ level by PSF fitting. Any meaningful statistical test in this context therefore would also need to account for stellar SED variations in the mid-IR to test multi-band catalog completeness for a particular region of interest. It is important to highlight here that the color histograms do not include sources for which we could only measure a flux upper-limits at the 5.8 and/or 8.0µm bands. Since the catalogs list sources that have > 3σ detections at the 3.6 and 4.5µm, the middle and bottom rows of Figure 4 are inherently biased toward redder sources, i.e., those with > 3σ detections at the two longer wavelength bands as well as the two shorter ones. This can exclude relatively bluer sources such as foreground dwarfs as well as O-and C-rich AGB stars in the targeted galaxies that are intrinsically less luminous at the longer wavelengths. A more rigorous pursuit of this topic requires studying near-IR to mid-IR color separations of the cataloged sources, e.g., as done for the LMC by Blum et al. (2006) utilizing 2MASS data. However, 2MASS is not deep enough to study stellar populations in other galaxies (even M 31's distance modulus is ∼ 6 mags larger than the LMC's) and one would need (e.g.) WFIRST's Wide Field Instrument (WFI, Spergel et al. 2015) near-IR imaging data for this purpose.
These catalogs are a resource to improve our understanding of the 3.6 − 24 µm bright pointsource populations in crowded extragalactic fields and they are also an archive for studying future mid-IR transients. The JWST's Near-IR Spectrograph (NIRSpec, Dorner et al. 2016 ) and Mid-IR Instrument (MIRI, Rieke et al. 2015) will cover the ∼ 1 − 5 µm and ∼ 5 − 28 µm wavelength ranges respectively, but the JWST's small field of view and anticipated over-subscription practically means that these catalogs will continue to be the most detailed listing of mid-IR source properties in nearby galaxies in the near future. These 3.6 − 24 µm point-source catalogs can be very useful to identify scientifically interesting sources for photometric and spectroscopic follow-up with NIRSpec and MIRI in general. They create a pathway for the exploration of extragalactic evolved stellar populations as well as other mid-IR bright sources with the JWST and WFIRST, making optimal and efficient use of these flagship observatories. 
